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ABSTRACT 
 
 
 
 
The purpose of (Ti,Al)N coating was to provide adherent coating on steel 
substrates to improve mechanical properties of steel tools in industrial applications.  
The effect of substrate temperature of physical vapour deposition (PVD) was an 
important parameter to study which affect the adhesion strength of (Ti,Al)N coating 
on alloy steel substrates.  In this research, two types of substrates were chosen: AISI 
304L stainless steel and high speed steel (HSS). The coating was deposited on both 
substrates at four different substrate temperatures which are 200
o
C, 240
o
C, 300
o
C, 
and 400
o
C for 90 minutes deposition time with 200 watt DC power, gas flow rate 
was maintained at ratio of 10 sccm N2 : 20 sccm Ar, and 10 mTorr working pressure 
was used using a pure TiAl target with 50 wt% Ti : 50 wt% Al ratio. The coating 
morphology was observed as columnar type structure and the surface roughness was 
decreased with substrate temperatures. From the adhesion test results it shows that 
the adhesion strength of (Ti,Al)N coating was increased with substrate temperature 
for both 304L stainless steel and HSS but, the deposition rate of coating was 
decreased for both substrates. 
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ABSTRAK 
 
 
 
 
Tujuan penyalutan (Ti,Al)N adalah untuk menghasilkan salutan yang baik di 
atas substrat keluli aloi untuk memperbaiki sifat-sifat mekanik keluli alat dalam 
aplikasi-aplikasi industri. Kesan suhu substrat adalah parameter yang sangat penting 
untuk mengkaji kesan kekuatan lekatan salutan (Ti,Al)N atas keluli aloi dalam 
pemendapan wap fizikal. Dalam kajian ini, dua jenis substrat telah dipilih: AISI 
304L keluli tahan karat dan keluli kelajuan tinggi (HSS). Penyalutan telah dilakukan 
untuk kedua-dua jenis substrat dengan menggunakan empat suhu substrat yang 
berlainan iaitu 200
o
C, 240
o
C, 300
o
C, dan 400
o
C dengan 90 minit masa pemendapan, 
200 watt kuasa DC, kadar aliran gas telah ditetapkan pada nisbah 10 sccm N2 : 20 
sccm Ar, and tekanan kerja 10 mTorr telah digunakan dengan menggunakan sasaran 
TiAl tulen pada kandungan 50 wt% Ti : 50 wt% Al.  Morfologi salutan yang terhasil 
adalah berstruktur kolum dan kekasaran permukaan adalah berkurangan dengan suhu. 
Daripada uijian-ujian salutan ianya menunjukkan kekutan lekatan salutan (Ti,Al)N 
semakin meningkat dengan peningkatan suhu untuk kedua-dua jenis substrat, keluli 
tahan karat 304L dan HSS, tetapi kadar salutan adalah berkurangan.. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Alloy steels are one of the most commonly used and cost effective structural 
materials in modern industry.  However when steel is used for critical wear resistant 
components and machining tools such as bearings, taps, dies, twist drills, saw blades, 
and other cutting tools in harsh environments, accelerated damage are usually occur 
because of its low wear resistance properties.   
 
 
Nowadays due to the low mechanical properties of alloy steel, a hard coating 
such as TiN, CrN, and (Ti,Al)N was introduced as a protective coating on 
mechanical tools.  The exceptional mechanical and corrosion resistant properties of 
these hard coatings such as high hardness and wear resistant, and good oxidation 
resistance at high temperature make the surface of the hard coating to be potentially 
ideal as coatings for wear resistant components and machining tools.  Since the early 
failure of tool steels is always on the outermost surface, hence with well-adhered 
surface hard coating films deposited on the steel can lead to major improvements of 
life time and performance of such tool steels. 
 
 
 
 
 
 
2 
1.2 Background of Study 
 
 
Physical vapour deposition (PVD) is one of the preferred techniques for the 
development of hard coating due to many advantages such as better control of 
process parameters and stoichiometry of the deposition coating.  Besides that, it is 
also more cost effective as compared to plasma enhance chemical vapour deposition 
and low pressure chemical vapour deposition [1,2].  304L stainless steel and high 
speed steel were chosen as the substrate material in this research and (Ti,Al)N hard 
coating was deposited because it has excellent high oxidation resistance, high 
hardness and high corrosion resistance.  Besides that, this coating is suitable used for 
cutting tools especially for dry and high speed machining application [3,4].  
 
 
 
 
1.3 Problems Statement 
 
 
The (Ti,Al)N coating was deposited on the steel substrate using physical 
vapor deposition (PVD) METHOD.  However, the PVD parameters will influence 
the (Ti,Al)N coating adhesion strength to the steel substrate.  Hence, in this project 
there is a necessary to conduct a research to investigate an optimum PVD parameter 
in order to produce good (Ti,Al)N coating on the surface of stainless steel and high 
speed steel without delamination. 
 
 
 
 
1.4 Objective of the Study 
 
 
The objective of this research is to study the effect of substrate temperature of 
(Ti,Al)N coating on AISI 304L stainless steel and high speed steel using Physical 
Vapor Deposition (PVD) method. 
 
 
 
 
 
3 
1.5 Scope of the Study 
 
 
1. To produce (Ti,Al)N interlayer on AISI 304L stainless steel and high 
speed steel using direct current (DC) magnetron sputtering method. 
2. To do microstructural evaluation on the coated specimen using XRD, 
EDX, and AFM. 
3. To conduct Rockwell C indentation test and knife test to evaluate the 
coating adhesion strength. 
 
 
 
 
1.6 Significant of the study 
 
 
Nowadays, ferrous metals or steels are become one of the most popular used 
material for engineering applications.  Although the properties of steels are suited for 
most of the engineering applications such as taps, dies, twist drills, and other cutting 
tools, but in order to fulfil more demanding application of steels, the (Ti,Al)N 
deposition as an adherent coating on steel surface will gain more advantages.  With 
the combine properties of steel and (Ti,Al)N coating, the new properties of the 
system will provide much better than the normal steel, besides that the performance 
and the life span of the tools will also improved. 
 
 
However, in order to deposit a good adhesion (Ti,Al)N coating on steel, the 
deposition parameters for (Ti,Al)N coating on steel substrate become important to 
study.  Thus, this research will focus on the study of the effect of substrate 
temperature of (Ti,Al)N coating on AISI 304L stainless steel and high speed steel 
using PVD method.     
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